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Magnetic fieldAbstract Impact of nanoparticle shape on the squeezed MHD flow of water based metallic
nanoparticles over a porous sensor surface in the presence of heat source has been investigated.
In distinctly most paramount studies, three distinctive forms of nanoparticle shapes are employed
into account, i.e. sphere ðm ¼ 3:0Þ, cylinder ðm ¼ 6:3698Þ and laminar ðm ¼ 16:1576Þ. The control-
ling partial differential equations (PDEs) are regenerated into ordinary differential equations
(ODEs) by manipulating consistent conformity conversion and it is determined numerically by han-
dling Runge Kutta Fehlberg method with shooting technique. It is noticed that the solid volume
fraction and nanoparticle shape have powerful outputs in squeezing flow phenomena, the sphere
shape nanoparticle in Cu – water and cylindrical shape in SWCNTs-water in the presence of mag-
netic field along with thermal radiation energy has better improvement on heat transfer as com-
pared with the other nanoparticle shapes in different flow regimes.
 2017 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The today problem of squeezing flow bounded by two parallel
plates of viscous Newtonian fluid is one of the ideal issues in
physics. As long as the technological development and
improvement of industries are concerned, the energy and
environmental involvements catch the essential aspect. Heat
interchange systems must be more skillful and upgrade theheat transfer. Universally, there are many techniques utilized
to cultivate the achievement of heat transfer of this mecha-
nism, such as developing the boundary conditions and flow
geometry likewise boosting the thermal conductivity of tradi-
tional fluid. At the moment, many researchers promote the
benefit of nanofluids in a collection of industries and engineer-
ing equipment to enhance the energy efficiency and to improve
the system’s thermal performance, [1–3]. The most critical
physical assets of nanofluids are thermal conductivity that
stimulates a necessary act in the reinforcement of energy
dynamic heat transfer materials for microelectronics, trans-
portation, energy input/output supply, fabrication, etc. Nano-
fluid thermal conductivity predicates various parameters such
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agglomeration.
Recently, the effects of magnetic strength on oscillatory
squeezed discharges have been analyzed inside thin films by
many authors [4–7] where they show that magnetic strength
can decrease flow change abilities inside thin films correlated
with immense squeezing issues. Anyhow, the literature
absences surveys about the things of the magnetic range on
flow and resultantly on thermal and diffusion transfer past a
sensor wall sited within fluidic cells accountable to squeezed
flow conditions. Nanoparticle research is currently an area of
energetic scientific importance due to an extensive cast of pos-
sible operations in medical, optical and electrical fields.
Squeezing flow within parallel walls has invited fresh research-
ers and mechanics, [8–11]. There are a lot of informed works
about squeezing flow bounded by two parallel plates or disks
with the distance developing in time like h  t1/2 and among
them: [12–16], in which the flow of non-Newtonian fluids in
a two- or three-dimensional case is investigated. The signifi-
cance of such works is essentially associated with alimental,
rheological or magnetorheological investigations. Normally,
in those works the Navier–Stokes equations in their full
scheme with total stress tensor are determined numerically,
along with the heat conduction equations.
The unique and excellent views of nanofluids attempt
appealing heat transfer properties correlated with traditional
heat transfer nanofluids. There are substantial investigations
on the remarkable heat transfer resources of nanofluids nota-
bly on shape of the nanoparticles, thermal conductivity and
convective heat transfer. The increases in effective thermal
conductivity of the shape of nanoparticles are important in
improving the heat transfer behavior of nanofluids and the
number of other variables also plays key roles. Therefore, it
is necessary to measure the heat transfer achievement of
nanofluids exactly under the shape of the nanoparticles in
the nanofluids. The presented literature survey shows that
particle shape effects on entropy generation in mixed convec-
tion unsteady flow of nanofluids over stretching rotating disk
have not yet been addressed. In this study, spherical-,
cylindrical-, and disk-shaped particles are taken into account,
[17–20]. Furthermore, magnetic nanofluids have much more
indication in the numerous scientific and engineering fields.
These nanofluids effort to stimulate magnetic fields and ther-
mal energy transfer and hydrodynamic assets. Usually cop-
per, magnetite and aluminum oxide nanoparticles are
exhausted in the development of such fluids [21–24].
Recently, Raza et al. [25] investigated the problem of MHD
flow and heat transfer of Cu – water in a semi porous chan-
nel with stretching walls. It applies a conversion of thermal
energy into electromagnetic energy, Kirchhoff’s law, [26].
The most powerful physical characteristic of nanofluids in
many employment counting heat exchanger are thermal con-
ductivity [27]. The thermal conductivity improvement of
nanofluids can be correlated with different attitudes such as
volume fraction, material type, size and shape, [28,29]. Timo-
feeva et al. [30] studied an experimental evaluation on the
outcome of nanoparticle shape of alumina nanofluids. Dis-
tinct particle shapes (i.e. platelets, blades, bricks, cylindrical
and spherical) were employed throughout the experiment.
Xie et al. [31] predicted the first practical work on thermal
conductivity enhancement due to the shape of the admitted
nanoparticles into suspension.Highlighted thermo-physical properties are the prime
agreeable characteristics of nanofluids placed on the fact that
most solids have much stronger thermal conductivities than
natural fluids. Leong et al. [37] analyzed a structure for the
effective thermal conductivity of nanofluids regarding the
impact of the interfacial layer between particles and fluid.
Some investigations [38–48] highly recommend that nanoparti-
cle accretion plays a unique role in the thermal transport in
nanofluids. Xuan et al. [38] explained a theoretical design for
the effective thermal conductivity of nanofluids by seeing the
physical properties of both the base liquid and the nanoparti-
cles, as well as the design of the nanoparticles’ accretion. Hong
et al. [39] and Prasher et al. [40] analyzed the impact of the
cumulating of nanoparticles on the thermal conductivity of
nanofluids. Prasher et al. [41] investigated a three-level homog-
enization theory to study the impressive thermal conductivity
of colloids involving fractal clusters. Keblinski et al. [42] ana-
lyzed the impact of clusters in nanofluids at the molecular
level, but they did not commit a relevant mathematical expla-
nation. From the raised abrupt review, it is observed that to
date a commonly approved expression for the enrichment of
thermal conductivity is still not accessible. Zhang and Li [49]
analyzed the impact of different shapes of carbon nanotube
on heat transfer. Hamzah et al. [50] investigated the impact
of thermal radiation energy on squeezed MHD flow of Cu,
Al2O3 and CNTs – nanofluid over a sensor surface. It is
observed that the water based SWCNTs play a dominant role
on heat transfer as correlated with the MWCNTs – water in
the flow regime.
Commonly in nanofluid convective heat transfer designing,
the nanofluid reflection can be treated in two categories: the
single-phase designing which the junctions of nanoparticle
and base fluid are assumed as a single-phase mixture with
steady properties (joined properties between the nanoparticle
and base fluid properties) and the two-phase designing which
the nanoparticle assets and attitudes are studied separately
from the base fluid properties and attitudes. Go¨ktepe et al.
[51] investigated the comparison of single and two-phase mod-
els for nanofluid convection at the entrance of a uniformly
heated tube. The divergences between the temperature field
in the single phase and two-phase designs are stronger than
those in the hydrodynamic field. The heat transfer coefficient
investigated by the single phase design is raised by accelerating
the volume fraction of nanoparticles for all Reynolds numbers
while for the two-phase designs, when the Reynolds number is
small, enhancing the volume fraction of nanoparticles will
increase the heat transfer coefficient in the ahead and the cen-
ter of the wavy channel, but constantly reduces along the wavy
channel.
In this work, we focused on the impact of nanoparticles
(Cu, Al2O3 and SWCNTs) shape in the presence of water
based unsteady external squeezing MHD nanofluid flow over
a flat permeable sensor wall in the existence of thermal radia-
tion energy. The analysis is concerned with certain group of
squeezed flows such that the occurring flows may be solved
using similarity transformation and afterward the problem is
analyzed by applying the fourth or fifth order Runge Kutta
Fehlberg technique with shooting method and OHAM.
Experimental works have investigated that the nanoparticle
shape has a symbolic role on the heat and mass transfer of
nanofluids [30,31]. Nanoparticle shapes i.e. sphere, cylinder
and laminar, are approved into address in this work. The
Nanoparticle shape effects 1435parameter confirmation for the problem was executed and is
authorized. It is involved that the results will award toward
better understanding of nanofluid conflict in channel. Several
aspects of the problem are investigated and presented graphi-
cally on the account of the physical parameters involved within
it and the instant achievements are correlated with the applica-
ble literature.
2. Mathematical analysis
The unsteady two-dimensional MHD squeezing nanofluid flow
between two infinite parallel plates is constructed in this work.
Natural flow configuration of the aggravation is rooted in such
a way that the plate is contained inside a squeezed channel
such that the height hðtÞ is more advanced than the boundary
layer thickness and the squeezing in the free stream is investi-
gated to exit from the edge of the wall as granted in Fig. 1. It is
assumed that the height hðtÞ is greater than the boundary layer
thickness. Micro-cantilever sensor (of length L) is situated
within the walls and the upward wall is depressed while the
bottom plate is attached. The lower plate of the channel is
fixed at y ¼ 0 while the upper plate is at y ¼ hðtÞ ¼
h0=ðsþ btÞ
1
b (which is squeezing toward the lower plate).
The flow is driven by the external free stream velocity
Uðx; tÞ and the working nanofluid is assigned to be Newtonian
and electrically governed with r as its electrical conductance
and the magnetic field with a time-dependent strength B0 is
excited upright to the flow in the y-direction while the con-
vinced magnetic Reynolds number is imperceptible. The sys-
tem of regulating equations is designated [8,9] as
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u; v – the velocity constituent in the x and y assignments, T
– the temperature of the nanofluid, t – time, p – the fluid pres-
sure, rs; rf – the electrical conductivity of the base fluid and the
nanofluid, m0ðtÞ – (a constant) represents the velocity at the
sensor surface when permeable surfaces were considered. Phys-
ically, v0 < 0 processes injection and v0 > 0 signifies suction of
the fluid, a is a constant, and Q0 – heat source or sink coeffi-
cient. The magnetic Reynolds number is constructed small
such that the magnetic boundary-layer thickness is pervasive
and the persuaded magnetic field is regularly interacted with
the activated magnetic field. For particle-fluid admixtures, sev-
eral theoretical examinations have been composed evidence
back to the classical work of Maxwell. The Maxwell model
for thermal energy conductivity for solid-liquid combination
of nearly large particles (micro-/mini- size) is good for sec-
ondary solid associations. Viscosity describes a fluid constitu-
tional resistance to flow and, in the case of nanofluids,
formulates the investigation and size of particles. The autho-
rized nanofluid thermophysical properties are defined as
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where f – the nanoparticle volume fraction, m – the nanopar-
ticle shape factor, lf – the dynamic viscosity of the base fluid,
bf and bs – the volumetric extension coefficients of the water
and nanoparticle, respectively, qf and qs – the density of the
base fluid and nanoparticle, rf and rs – the electric conductiv-
ity of the base fluid and nanoparticle, kf – the thermal conduc-
tivity of the fluid, and ks – the thermal energy dynamism of the
solid fraction. Employing Rosseland’s approximation
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 – pen-
etration coefficient. By Taylor’s series expansion of T4 being
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meability of the medium, B0 – the externally imposed magnetic
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Based on the Eq. (8) with the similarity variables
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b; s – a random constants, a – strength of squeezing flow, q0
– heat flux, v0 – the velocity at the sensor surface when perme-
able walls are designed. Situated on the conditions explained in
Eq. (9), motion of channel’s height is according to the follow-
ing conditions: hðtÞ ¼ h0=ðsþ btÞ
1
b for b > 0 and hðtÞ ¼ h0est
for b ¼ 0. The surface permeable velocity is confirmed to raise
as the time decelerates (b > 0) because compressing velocities
accelerate as time decelerates.
Eqs. (4) and (7) become
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with boundary conditions
fð0Þ ¼ S; f0ð0Þ ¼ 0; h0ð0Þ ¼  kf
knf
; f0ð1Þ ! 1; hð1Þ ! 0 ð12Þ
A1 ¼ ð1 fÞ2:5 1 fþ f qsqf
 
;
A2 ¼ ð1 fÞ2:5 1 fþ f rsrf
 
A3 ¼ 1 fþ f
ðqcpÞs
ðqcpÞf
 !
ð13Þ
Pr ¼ ðcplÞf
kf
– Prandtl number, d ¼ Q0xðqcpÞfU – heat source/sink
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Physical quantities are Cf ¼ swqfU2 – skin friction coefficient,
Nux ¼ qwxkfðTwT1Þ – local Nusselt number where sw and qw are
defined as
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Rex ¼ Uxmf – The local Reynolds number.3. Results and discussion
Estimation are completed by the OHAM-Optimal Homotopy
Analysis Method (analytical mechanism) and the fourth or
fifth order Range Kutta Fehlberg technique with shooting
approach (numerical mechanism) for different values of
parameters. Eqs. (10) and (11) manipulated to the boundary
settings (12) have been resolved numerically and experimen-
tally utilizing computer software Maple 18 and Mathematica
5.2. In mathematics, the Runge–Kutta–Fehlberg method (or
Fehlberg method) is an algorithm in numerical analysis for
the numerical solution of ordinary differential equations. It
was developed by the German mathematician Erwin Fehlberg
and is based on the large class of Runge–Kutta methods. The
constructed algorithm controls both the error and the time
step size simultaneously and possesses a good performance
in the computational cost compared to the original method.
Eqs. (10) and (11) elaborated to the boundary settings (12)
have been determined numerically and experimentally apply-
ing computer software Maple 18. The values of a and b are
determined upon solving the boundary conditions v(0) = a,
and p(0) = b. Once a and b are determined, the system will
be closed and can be solved numerically again by DSolve
subroutine to get the final results. Consequently, only one
integration path is enough to solve the problem instead of
consuming the time with iteration techniques such as the
shooting method. Finally this computation we have pre-
tended Pr ¼ 6:2 corresponds to nanofluids unless otherwise
stated. In order to confirmed our methods, it is observed
from Fig. 2 that the compromised with the theoretical result
of the temperature profiles and f00ð0Þ for various character of
the f are interacted with Fig. 4b and Table 2 (water based Cu
and Al2O3 when f ¼ 0:0) of Rizwan et al. [9]. A very admir-
able agreement can be noticed between them. Thermophysical
characteristics of fluid and the nanoparticles are given in
Table 1.
Nanoparticle shapes3.1. Analysis of heat source and shape of the nanoparticles,
Fig. 3
(i) The sphere and lamina shape ðm ¼ 3:0; 16:1576Þ Cu-
water in the presence of heat source ðd ¼ 1:0Þ plays a
dominant role on temperature distribution with increase
of nanoparticle volume fraction.
(ii) The sphere and lamina shape Al2O3-water with ðd ¼ 1:0Þ
acts an effective lead on temperature distribution with
increase in nanoparticle volume fraction.
(iii) The sphere and cylinder shape SWCNTs Cu-water
ðd ¼ 1:0Þ shows a powerful aspect on temperature distri-
bution with increase in nanoparticle volume fraction.
Fig. 4a and 4b of Rizwan et al. [9] 
Fig. 2 Comparison of nanoparticle volume fraction on temperature profiles, Fig. 4a and b of Haq et al. [9] with f0 ¼ S ¼ 0:5; b ¼ 0:5.
Table 1 Thermophysical properties of the fluid and nanoparticles, [32–35].
q ðkg=m3Þ cp ðJ=kg KÞ k (W/m K) r ðX1 m1Þ
Pure water 997.1 4179 0.613 5.5
Copper (Cu) 8933 385 401 59.6
Alumina Al2O3 3970 765 40 16.7
SWCNTs 2600 42.5 6600 1.26
Table 2 Comparison of nanoparticle volume fraction on skin friction coefficient Re
1
2Cf.
Nanofluids Parameter Num. method OHAM [9] Error
f Re
1
2Cf Re
1
2Cf Num. and OHAM
Cu-water 0.0 0.866523 0.866522956 0.000000044
0.1 1.094551 1.094550764 0.000000236
0.2 1.406042 1.406041874 0.000000126
Al2O3-water 0.0 0.866523 0.866522956 0.000000044
0.1 1.058064 1.058063845 0.000000155
0.2 1.321153 1.321152956 0.000000044
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sphere shape nanoparticles in the water based Cu,
Al2O3 and SWCNTs perform a powerful role on the
temperature profiles as compared with the other
shapes (cylinder ðm ¼ 6:3698Þ and laminarFig. 3 Volume fraction and shapes of the nanoparticle effects
f ¼ 0:01;M ¼ 1:0;Pr ¼ 6:2;R ¼ 0:5; b ¼ 0:5.ðm ¼ 16:1576Þ) in the squeezed flow regime with
increase in nanoparticle volume fraction, Fig. 3. The
temperature distribution of f ¼ 0:1 and f ¼ 0:2 for
SWCNTs – water is more energetic than that of Cu-
water and Al2O3 - water.on the temperature profiles with d ¼ 0:0 and d ¼ 1:0 with
Nanoparticle shape effects 14393.2. Analysis of thermal radiation energy and shape of the
nanoparticles, Fig. 4
(i) The sphere shape ðm ¼ 3:0Þ Cu-water in the presence of
thermal radiation energy ðR ¼ 2:0Þ shows an effective
role on temperature distribution with increase in
nanoparticle volume fraction.
(ii) The sphere and cylinder shape ðm ¼ 3:0; 6:3698Þ Al2O3-
water with ðR ¼ 2:0Þ acts a principal lead on tempera-
ture distribution with increase in nanoparticle volume
fraction.
(iii) The cylinder shape SWCNTs -water with ðR ¼ 2:0Þ
shows a prevalent effects on temperature distribution
with increase in nanoparticle volume fraction.
(iv) The analysis of the results obtained shows that the
sphere shape nanoparticles in the SWCNTs-water nano-
fluid squeezed flow field are impressed remarkably by
the combined effect of the thermal conductivity and heat
capacitance of the SWCNTs – water nanofluid as corre-
lated with the other mixtures in the squeezed flow
regime.
3.3. Analysis of squeezed parameter, and shape of the
nanoparticles Fig. 5
(i) The cylinder shape ðm ¼ 6:3698Þ Cu-water with
squeezed parameter ðb ¼ 1:0Þ plays a leading role on
temperature distribution with increase in nanoparticle
volume fraction.
(ii) The sphere ðm ¼ 3:0Þ and lamina shape ðm ¼ 16:1576Þ
Al2O3-water with ðb ¼ 1:0Þ enacts a dominant role on
temperature distribution with increase in nanoparticle
volume fraction.
(iii) The lamina shape ðm ¼ 16:1576Þ SWCNTs – water with
ðb ¼ 1:0Þ emotes a predominant role on temperature dis-
tribution with increase in nanoparticle volume fraction.
(iv) In the potentiality of thermal radiation energy and
squeezed parameter, it is stimulating to notice the sphere
shape nanoparticles in the presence of Cu-water and
Al2O3-water whereas the cylinder shape nanoparticles
in the residence of SWCNTs-water act an effective role
on temperature distribution with increase in nanoparti-
cle volume fraction.
3.4. Analysis of magnetic effects and shape of the nanoparticle
volume fraction, Fig. 6
(i) The sphere shape Cu-water in the presence of magnetic
field ðM ¼ 1:0Þ dramatizes an important impact on tem-
perature distribution with increase in nanoparticle vol-
ume fraction.
(ii) The sphere shape Al2O3 – water with ðM ¼ 1:0Þ displays
an efficient effect on temperature distribution with
increase in nanoparticle volume fraction.
(iii) The sphere shape SWCNTs – water with ðM ¼ 1:0Þ
plays an essential aspect on temperature distribution
with increase in nanoparticle volume fraction.(iv) In the attendance of magnetic field, it is noted that the
sphere shape nanoparticles in the subsistence of water
based Cu, Al2O3 and SWCNTs show an exceptional lead
on temperature distribution with increase in nanoparti-
cle volume fraction.
It is interesting to notice that the squeezed water based Cu,
Al2O3 and SWCNTs in the presence of porous sensor surface
play an important role on oscillating temperature profiles,
Go¨pel and Schierbaum [36].
3.5. Analysis of rate of heat transfer, Table 3
(i) In the case of sphere shape nanoparticles, the rate of
heat transfer firstly enhances and then reduces in the
presence of water based Cu and SWCNTs while the rate
of heat transfer decelerates in Al2O3 –water nanofluid
with increase in nanoparticle volume fraction.
(ii) Cylindrical shape nanoparticles, the rate of heat transfer
of the water based Cu, Al2O3 and SWCNTs increase
with increase in nanoparticle volume fraction.
(iii) Laminar shape nanoparticles, the rate of heat transfer
firstly decreases and then increases in the presence of
Cu-water whereas it firstly raises and then degrades in
the presence of Al2O3 –water and SWCNTs-water nano-
fluid with increase in nanoparticle volume fraction.
(iv) It is concluded that the cylindrical shape nanoparticles
in the presence of SWCNTs-water hit a principal por-
trayal on heat transfer rate as correlated with the other
mixtures in the flow system with increase in nanoparticle
volume fraction.
(v) It is interesting to note that the rate of heat transfer of
all the three nanoparticle shapes in the presence of the
water based Cu, Al2O3 and SWCNTs increases with
increase in magnetic strength as shown in Table 3.
4. Conclusion
Performance of nanoparticle shapes (sphere, cylinder and lam-
inar) in the presence of water based on Cu, Al2O3 and
SWCNTs is examined between squeezing surfaces in such a
form that the top plate is compressed. Association of temper-
ature with the rate of heat transfer among the nanofluids with
different nanoparticle shapes is presented in terms of Figures
and Tables. Completion notes of the concurrent outcomes
are as follows:
 The sphere shape SWCNTs-water with heat source, d ¼ 1:0
plays a powerful aspect on temperature distribution
whereas the cylinder shape SWCNTs – water attains its
maximum and minimum value in the squeezed flow regime
over a sensor surface with increase in nanoparticle volume
fraction. The sphere ðm ¼ 3:0Þ shape in the presence of
squeezed Al2O3-water enacts a dominant role on tempera-
ture distribution with increase in nanoparticle volume
fraction.
 In the capability of thermal radiation energy, the sphere
shape nanoparticles in the presence of Cu-water and
Al2O3-water whereas the cylindrical shape nanoparticles
in the settlement of SWCNTs-water perform an energetic
Fig. 4 Volume fraction and shapes of the nanoparticle effects on the temperature profiles with R ¼ 0:0 and R ¼ 2:0 with
f ¼ 0:01;M ¼ 1:0;Pr ¼ 6:2; d ¼ 0:5; b ¼ 0:5.
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Fig. 5 Volume fraction and shapes of the nanoparticle effects on the temperature profiles with b ¼ 0:0 with
f ¼ 0:01;M ¼ 1:0;Pr ¼ 6:2;R ¼ 0:5; b ¼ 0:5.
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Fig. 6 Volume fraction and shapes of the nanoparticle effects on the temperature profiles with M ¼ 0:0 and M ¼ 1:0 with
f ¼ 0:01; d ¼ 1:0;Pr ¼ 6:2;R ¼ 0:5; b ¼ 0:5.
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Table 3 Effect of f and M on heat transfer rate Pr ¼ 6:2;S ¼ 0:5; b ¼ 0:5;R ¼ 1:0; d ¼ 0:5.
h0ð0Þ
M f Cu-water Al2O3-water SWCNTs-water Shape
0.0 0.01 1.2265436 0.300818 1.041675 Sphere
0.1 0.1269481 0.7341195 0.061476
0.2 0.448853 2.088135 0.9017304
1.0 0.01 3.3317063 2.774944 2.4233997
0.1 0.1881780 0.101456 0.0119229
0.2 0.3554956 0.971970 1.7387264
0.0 0.01 9.574923 0.169459 4.310122 Cylinder
0.1 0.559249 0.161925 27.64199
0.2 0.768578 0.245321 0.147648
1.0 0.01 2.375048 3.709039 3.225082
0.1 0.400036 1.227180 1.489411
0.2 1.0495811 0.325822 0.209486
0.0 0.01 0.424067 0.043423 0.452976 Lamina
0.1 8.547333 1.622344 0.836629
0.2 0.149156 0.022502 0.025867
1.0 0.01 0.261898 0.445894 0.274964
0.1 1.760060 0.4544130 1.925351
0.2 0.1738115 0.0090677 0.057344
Nanoparticle shape effects 1443impact on temperature distribution with increase in
nanoparticle volume fraction. It is interesting to note that
the cylinder shape SWCNTs -water with ðR ¼ 2:0Þ shows
a prevalent effects on temperature distribution with increase
in nanoparticle volume fraction because of high thermal
conductivity of SWCNTs, Table 1.
 The sphere shape nanoparticles in the existence of water
based Cu, Al2O3 and SWCNTs with the magnetic strength
M ¼ 1:0 display a remarkable advantage on temperature
distribution whereas the thermal boundary layer thickness
of sphere shape nanoparticles in the SWCNTs – water is
more significant as compared with the other mixtures in
the flow regime with increase in nanoparticle volume frac-
tion. Particularly, the sphere shape SWCNTs – water with
ðM ¼ 1:0Þ plays an essential aspects on temperature distri-
bution with increase in nanoparticle volume fraction.
 The temperature distribution of sphere shape nanoparticles
in Cu-water with heat source, d ¼ 1:0, squeezed parameter,
b ¼ 1:0 and magnetic strength, M ¼ 1:0 while cylindrical
shape nanoparticles in Al2O3 - water with squeezed param-
eter, b ¼ 1:0 at the nanoparticle volume fraction, f ¼ 0:01,
attain its maximum and minimum value in the squeezed
flow regime over a sensor surface.
 The sphere shape nanoparticles in the subsistence of Cu-
water with magnetic strength M ¼ 1:0 have a significant
changes in the rate of heat transfer as compared to the
other shape of the nanoparticles in the attendance of
Cu-water with increase in nanoparticle volume fraction.
The squeezed water based Cu, Al2O3 and SWCNTs in
the presence of porous sensor surface play an important
role on oscillating temperature profiles, Go¨pel and Schier-
baum [36].
The thermal conductivity of the SWCNTs-water in the
presence of cylindrical shape plays a powerful act on the tem-
perature field as compared with the other shapes in the water
based Cu and Al2O3. As a result, the sphere/cylindrical shape
nanoparticles in the presence of Cu/SWCNTs-water nanofluidare more promising in terms of increasing the heat transfer
performance of the squeezed flow regime over a sensor surface.
It is demonstrated that the sphere shape nanoparticles in the
water based Cu and cylindrical shape nanoparticles in
SWCNTs-water are investigated in this paper can be beneficial
in energy systems, rheology, material processing, lubrication
and biomedical applications.
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